Outcomes of intensive care are important to the patient and for assessment of benefit. Short-term outcomes after critical illness are well described, but less is known about long-term outcomes. This study describes the use of data linkage, combining intensive care unit (ICU) clinical data with administrative morbidity and mortality data, to assess long-term outcomes after treatment in ICU.
The purpose of the intensive care unit (ICu) is to save the lives of patients with a critical illness. Although never quantified by randomized controlled trials, the value of intensive care, to the community and to patients, is inferred from studies that describe survival after admission to ICu. The immediate outcomes, survival to ICu and hospital discharge, have been extensively described 1 . however, it can be argued that long-term outcomes are much more important than immediate outcomes since relatively little is achieved if patients die soon after hospital discharge. Approximately fifty studies 2 describe survival for the first one to two years after hospital discharge, but only three have a cohort size of at least 1000 general ICu patients and describe survival for five years or more [3] [4] [5] . This lack of information on long-term outcomes after an expensive health care intervention contrasts with other specialties, for example oncology or cardiology.
ICu databases often contain large amounts of clinically useful information such as severity of illness and principal diagnosis but usually record survival only to hospital discharge. In contrast, administrative databases have little clinical information on specific episodes of care. When these databases are linked, information including preceding and subsequent morbidity and mortality data can be assessed. Western Australia (WA) has several advantages for epidemiological studies of long-term survival including being an isolated geographical region with a low rate of emigration (less than 0.03% in 2002 6 ), and a well-developed data linkage capacity. The purpose of this study is to outline the method of data linkage and to describe unadjusted long-term outcomes, up to 16 years, for a large cohort of patients treated in a mixed medical and surgical ICu.
mATERIALS AnD mEThODS Patients/setting
This is an observational hospital-based, person specific cohort study of prospectively collected clinical data using linkage to administrative morbidity and mortality data. The study was conducted in a metropolitan teaching hospital serving metropolitan and rural areas. The ICu is an accredited level III, closed, 22-bed general ICu 7 and is the largest in WA Patients admitted to the ICu between January 1, 1987 and December 31, 2002 were included in the study. A small proportion of patients under 14 years of age were admitted (n=54) for cardiac or spinal surgery and after trauma. until 1993 the ICu also provided an overflow capacity for coronary care patients. At the start of the study in 1987, the population of WA was 1.4 million, increasing to 1.9 million at the end of the study in 2003.
ICU clinical database
The ICu clinical database contains demographic and clinical data for all patients admitted to the ICu since 1987. It includes up to four ICu admission diagnoses, all components of the Acute Physiological and Chronic health Evaluation (APAChE) II 8 score, daily assessment of both organ failure and major therapies, and patient survival status on discharge from ICu and hospital. Physiological data for the APAChE II score were collected at ICu admission from 1987 until march 1989 and thereafter both admission and worst values in the first 24 hours were collected. The data were collected prospectively by the ICu medical staff, reviewed daily by the duty consultant intensivist, and entered into a database by dedicated clerical staff. Throughout the entire sixteen-year study period, the same data manager (KYL) has supervised data collection, provided consistency by training the medical staff who collected data (n=14 consultants) and the clerical staff (n=4) who entered data and resolved data inconsistencies.
Administrative databases
Two administrative databases were used. The Western Australian hospital morbidity Data System (hmDS) collection commenced in 1970 and includes all inpatient episodes for defined admitted patients to public, private and freestanding day hospitals in WA This database has demographic information together with up to 21 diagnostic codes and 11 procedural codes, recorded at the time of hospital discharge using the International Classification of Diseases, ninth Revision, Clinical modification or Tenth Revision, Australian modification (ICD-9-Cm/10-Am) 9 . The quality of the hospital administrative data is regularly validated by twenty-one different quality checks and periodic audits 9 . hmDS therefore provides data from which morbidity before and after an index admission can be derived. For example, diagnoses, readmissions, the number of hospitalizations before and after an event and cumulative length of hospital stay. The mortality database contains WA's Registry of births, Deaths and marriages death data including date of death, cause of death (text and Australian bureau of Statistics ICD coded) and place of death.
Data linkage
The records that related to the same patients from the ICu clinical, hmDS and mortality databases were linked together into a single cumulative file by the Western Australian Data Linkage unit (DLu) using probabilistic linkage (Automatch 4.1; matchware Technologies, Inc, Silver Spring, mD). This method uses an iterative approach that mathematically links databases by comparing data fields (for example record number, date of birth and gender) in the ICu, hmDS and mortality files. Comparisons of numerous data fields led to a judgment that the records refer to the same patient, or not, and should be linked or not 10 . The 'linked' database has half a million hospital records from which to derive pre-and post-ICu morbidity and subsequent survival.
Clerical checking of additional information was undertaken by the DLu for possible matches that fell within a 'grey area' between definite matches and definite non-matches. The proportions of invalid (false positives) and missed links (false negatives) were evaluated several years ago. both false positives and false negatives were estimated to be 0.11% 11 .
The 'linked' database was checked for files that had missing or invalid data. medical records of these cases with coding anomalies, missing or invalid data were reviewed. Only the initial admission to ICu, designated as the index admission, was used in this analysis.
Primary outcome
Survival was determined at hospital discharge and 1, 3, 5, 10, and 15 years from the time of the index ICu admission. If there was no death record in WA for the patient from the state's births, Deaths & marriages Registry prior to 1 January 2004, the patient was assumed to be alive.
Predictor variables
The predictor variables, which were selected a priori were age, gender, primary diagnosis in ICu, severity of illness and comorbidity [3] [4] [5] 8, 12 . Patients were classified as either elective surgical, nonelective surgical or medical. Surgical patients were admitted directly from the operating room or recovery room. The primary reason for admission to the ICu was recorded using definitions provided by the APAChE II system. In addition, text descriptions of the major diagnoses on admission to the ICu (up to four), recorded by consultant intensivists, and updated as necessary during the patient's ICu stay, were coded using ICD9-Cm codes. These admission ICu diagnoses were regrouped (cardiac surgery, sepsis, trauma, acute brain pathology, other medical and other surgical) using the rules shown in Table 1 . The surgical procedure performed immediately before admission was coded as the reason for admission for surgical patients. The major clinical category and diagnoses recorded after hospital discharge in the hmDS, together with the APAChE II data, were used to check for inconsistencies in diagnoses.
The APAChE II score was used to measure severity of illness 8 . In addition, daily assessment of nine different organ systems was conducted: cardiovascular, neurologic, respiratory, renal, haematologic, metabolic, liver, gastrointestinal and heart failure and coded as present/absent ( Table 2) .
The Charlson comorbidity index 13 , used to estimate comorbidity, is a weighted index that takes into account the number and severity of pre-existing diseases to produce a comorbidity score for each is included in any of the four ICu major diagnosis codes, the patient's diagnosis is coded as sepsis; c) Cardiac arrest diagnosis (medical and surgical) takes precedence over other diagnoses, but does not include respiratory arrest (which has a separate code) or open heart surgery patients; d) Acute brain pathology includes both medical and surgical brain haemorrhage or cerebral occlusion or craniotomy for neoplasm; f) non-complex coronary artery disease consists of non-intubated, non-surgical patients admitted with ICD 9 codes 410 to 414.9, or rhythm disturbance related to these codes, and with no other medical codes except hypertension (ICD 9 codes 401, 401.9), lipidaemia or alcohol/smoking history; g) Surgical patients' diagnoses (not including sepsis or trauma) are taken from the ICD9 procedure codes. patient. It has been validated for use with administrative datasets 14 . The index score is the sum of total assigned weights representing the burden of pre-existing disease 13, 15 . The Charlson comorbidity index used in this analysis is based on the Dartmouthmanitoba algorithm for administrative data 14 and covers ICD-9-Cm/ ICD-10-Am versions 1 and 2 16 . Seventeen dichotomous Charlson comorbidity index variables were generated from diagnoses recorded for five years before the index admission to develop the comorbidity index.
Statistical analysis
The unadjusted association between predictor variables and long-term survival was analysed using univariate analyses (chi-square statistic for categorical variables, Student's t-test for continuous variables normally distributed and non-parametric tests for non-normally distributed data). Survival for male and female patients was compared after adjusting for age by using five-year age specific strata and internal weights to standardize age for the subgroups. Length of stay in hospital was calculated (in whole days) from the date of admission to date of hospital discharge and the length of stay in ICu was also calculated in whole days. Time zero for the measurement of survival was defined as time of admission to ICu. Statistical significance was set at 0.05. SPSS 12.0 for Windows (SPSS; Chicago, IL) was used to analyse the data.
Ethical considerations
Approval for this study was granted by the Confidentiality of health Information Committee and the hospital Ethics Committee. Potential patient identifiers were removed or encrypted.
RESuLTS
Linkage was attempted for 26,019 admissions (22,980 patients) from which 26,017 records were linked to a person in the hmDS and 25,972 records (99.8%) were linked to the specific hospitalization event that related to the ICu admission in the hmDS. Table 3 shows the characteristics of the patients' index admission. most patients were male (67%) and the mean age of the cohort was 56 (SD 17.5) years (median 61 years), with 0.2% under the age of 14 years and 12.6% of patients aged 75 years or older. male and female ages were similar (t=-0.398, P=0.691). The mean admission APAChE II score was 11.6 (SD 6.2) and APAChE II score using the worst physiological data in the first 24 hour 8 , recorded for 19,585 patients (admitted after march 1989), was 14.2 (SD 6.8). most patients had at least one organ failure (55%) with 79% of patients requiring mechanical ventilation and 8% of patients requiring a combination of mechanical ventilation, vasopressors and haemo/ peritoneal-dialysis or haemofiltration. The mean length of stay (LOS) in the ICu was 4.5 days (median 3 days) with 5% of patients staying in the ICu for more than 14 days. The mean hospital LOS was 17.6 days (median 12 days) for the cohort. Patients with APAChE II positive chronic disease history comprised 14% of the cohort and 45% of patients had a Charlson comorbidity index of 1 or higher. most patients were admitted after elective surgery (51.3%) with 17.4% of patients having non-elective surgery and 31.3% were medical patients. Cardiac surgery (62.5%) and vascular surgery (14.5%) were the most common surgical admissions. Patients admitted after trauma (Table 1) comprised 10.3% of the cohort, sepsis 7.3% and after cardiac arrest 2.7%. most patients who survived hospital were discharged home (83% of hospital survivors), but 7% were discharged to a rehabilitation facility.
Overall, unadjusted survival for the ICu cohort was 84.7% at one year and decreased progressively to 50.7% at 15 years (Figure 1 ). unadjusted survival for patients who survived hospital was 94.9% at one year decreasing to 56.2% at 15 years.
Survival for all patients admitted to ICu is shown in Table 4 . hospital survival was lower for females than males (OR for females 1.22, P<0.001, 95%CI 1.16, 1.29), but among patients who survived hospital there was no gender difference in subsequent survival. using direct standardization to adjust for age, gender did not influence survival ( Table 5) . As age increased, survival decreased (P<0.001). Survival at hospital discharge was poorest for medical patients (80.2% versus 82.3% for non-elective surgery and 97% for elective surgery, P<0.001). For patients who survived hospital, medical patients and non-elective surgical patients had poorer survival than elective surgical patients until 10 years but not at 15 years. Diagnosis was associated with survival (P<0.001 at all time points) with patients admitted after cardiac arrest or with sepsis having poorest survival and patients admitted after drug overdose and trauma having the best survival. Females had poorer survival than males after cardiac surgery (P=<0.001 at 1 year to P=0.041 at 15 years) and males had poorer survival with a vascular condition at 10 and 15 years (P=0.006, P<0.001 respectively). males also had poorer survival than females with other surgical diagnosis from 1 year to 10 years (P=0.034 to P=0.013) but there was no difference at 15 years. higher severity of illness, measured by admission APAChE II score (P<0.001), or organ failure (P<0.001) was associated with poorer outcome. higher Acute Physiology Scores from the APAChE II score were also associated with poorer survival (P<0.001 at all time-points). As the Charlson comorbidity score increased, survival to hospital discharge and subsequent survival decreased (P<0.001 at all time points).
Comparison of patient characteristics at ICU admission and between survivors and non-survivors at ICU discharge and hospital discharge

DISCuSSIOn
We report long-term outcomes from a general ICu with the longest patient follow up to date. Although reports have described mortality over time for ICu populations [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] , relatively few followed patients for more than two years [3] [4] [5] 21, [23] [24] [25] 29, [34] [35] [36] , with many of these having small cohorts or being for specific subgroups 22, 25, 32 . In univariate analysis, the likelihood of long-term survival was strongly associated with age, type of ICu admission (elective surgical, non-elective surgical or medical), severity of illness (APAChE II score, APS and number of organ failures), comorbidity and diagnosis. unadjusted survival to hos- pital discharge was superior for males compared to females but subsequent survival was not influenced by gender. We used data linkage to link data from an ICu clinical database to two administrative databases. Data linkage has been used successfully in many studies, but only a few studies have used linked data to study patients admitted to the ICu 12, 37, 38 . It provides a valuable resource for the monitoring and evaluation of health resources and has been shown to be accurate 11 whilst patient privacy is rigorously protected 39 . The process of probabilistic linkage was highly successful, with only two patients not being linked. Linkage was a relatively cheap ($11,000) and efficient method to integrate clinical data with longterm outcome data.
We believe that the quality of data is one of the strengths of this study. Data integrity has been facilitated by only 14 intensivists overseeing the data collection. Seven of these intensivists have worked in the ICu throughout the entire study period with the same intensivist (KYL) maintaining the database. Only four clerks have entered the data. Although the data collection has not been tested for interrater reliability or validated, limiting data collection and entry to a small number of trained personnel should minimize measurement bias, although this has not been verified. The linked database has been extensively checked for internal inconsistency and these have been resolved by accessing the patients' medical records. The linkage of hmDS data has been shown previously to be of high quality, with less than 0.11% false positives and false negatives 11 .
Accurate categorization of the reason for admission to ICu is important but difficult. Data linkage to the hmDS provided additional information relating to the patient's ICu admission diagnosis facilitating a more accurate categorization of diagnosis.
Comorbidities are likely to influence the risk of death in ICu and impact on subsequent post-hospital survival. In epidemiological studies of ICu patients it has often been difficult to measure preceding comorbidities accurately. Some studies 4 have used only the allocated APAChE II chronic health points. The Charlson comorbidity index 13 is a widely used technique for assessment of comorbidity, and has the advantage of being a continuous variable 14, 15 . Data linkage provided information on previous hospitalizations (at least five years) for the entire ICu cohort facilitating calculation of the Charlson comorbidity index. Almost all studies of long-term outcome of ICu patients make the assumption that if a patient's vital status is unknown, the patient is alive. The validity of this assumption in the locations in which long-term post-ICu studies have been performed is not known. The accuracy of this assumption has been tested in Western Australia and been found to be generally robust 40 . It is likely that some patients moved out of WA, either within or outside Australia, and their death is not accurately recorded. however, the rate of emigration is low and a separate study of patients undergoing coronary artery bypass grafting (which includes some of the same patients described in this study) found the number of additional deaths in other states of Australia after 10 years of follow up was less than 1.8% of the total deaths 40 .
The study has a number of limitations. Firstly, it is a single centre study, and factors specific to this ICu may limit its generalizability. however, this is the largest ICu within WA, and caters for all medical and surgical specialities excepting liver and lung transplantation. It admits from both urban and rural localities. Although the hospital has a separate coronary care unit (CCu), during the early years (up to 1993) the ICu admitted overflow CCu patients. however, there was no difference in survival if these patients are excluded; therefore patients admitted 313 Anaesthesia and Intensive Care, Vol. 34, No. 3, June 2006 DATA linkAGe in lonG-Term survivAl AfTer iCu with non-complex acute coronary syndromes (3%) were included. Secondly, the quality of life of patients that survive ICu is clearly important. The linked database contains no direct measurement of quality of life in survivors, although surrogate measures of quality of life have been developed for use with WA-linked data based on frequency and duration of hospitalization and residential location.
Finally, this study reports descriptive outcomes with univariate analysis, but has not undertaken any analysis to identify the independent effect of predictor variables on long-term outcome, or compare the survival of ICu survivors with community or hospitalized controls. The purpose of this paper was not to provide such analysis but to report the methods used to link clinical and administrative databases, to describe the cohort, and to describe the unadjusted survival for the whole cohort and selected sub-groups.
COnCLuSIOn
Data linkage provided a valuable tool to describe the long-term outcome for a large group of heterogeneous ICu patients. The described cohort was larger than any previously reported, has the longest follow-up and high accuracy of vital status. Age, severity of illness, diagnosis and comorbidity were all associated with long-term survival in univariate analysis.
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